Aims/hypothesis The aim of this study was to assess the association between total cholesterol and major cardiovascular diseases among persons with and without diabetes in the Asia-Pacific region. Methods We used data on individual participants in 30 cohort studies from the Asia-Pacific region to compute the hazards ratios and 95% CIs for participants with and without diabetes at baseline, using Cox proportional models. Analyses were stratified by sex and region (Asia vs Australia or New Zealand) and adjusted for age. Repeat measurements of total cholesterol were used to adjust for regression dilution bias. Results The analysis included 333,533 individuals (6.3% with diabetes at baseline) who experienced 6,074 fatal and non-fatal cardiovascular events over a median follow-up period of 4.0 years. Total cholesterol was positively associated with coronary heart disease (CHD) and ischaemic stroke, and negatively with haemorrhagic stroke in a continuous, log-linear fashion, similarly among participants with and without diabetes. Each 1 mmol/l increase above the 'usual' level for total cholesterol was associated with a 41% (95% CI 23-63%) and 42% (95% CI 35-50%) greater risk of CHD among participants with and without diabetes. The corresponding values for ischaemic stroke were 23% (95% CI 0-52%) and 31% (95% CI 20-44%), respectively. These results were broadly consistent for sex, age and region. Conclusions/interpretation Total cholesterol is associated with similarly increased risks of cardiovascular events in people with and without diabetes. While abnormal levels of other lipid fractions are frequently observed in people with diabetes, these data support aggressive lowering of total cholesterol and LDL-cholesterol levels for prevention of cardiovascular events.
Introduction
The major importance of diabetes mellitus as an independent risk factor for cardiovascular disease (CVD) is well established and consistent across populations [1, 2] . Diabetes is associated with a two-to fourfold risk of cardiovascular events and cardiovascular death [3] [4] [5] . This excess risk associated with diabetes is partly attributable to a higher burden of major traditional cardiovascular risk factors, including non-optimal blood pressure, obesity and tobacco consumption, as well as dyslipidaemia [4, 6] . The pattern of dyslipidaemia frequently observed in people with diabetes includes raised triacylglycerols, decreased levels of HDL-cholesterol and slightly raised or 'normal' plasma concentrations of LDL-cholesterol [6] . As a result, some have argued that to reduce risk of future cardiovascular events in people with diabetes, it may be more important to modify HDL-cholesterol and triacylglycerol levels than to lower total cholesterol or LDL-cholesterol levels.
The Asia Pacific Cohort Studies Collaboration (APCSC) is an individual participant data overview of prospective cohort studies conducted in a number of Asian countries, as well as Australia and New Zealand (ANZ). With several thousand events recorded, the Collaboration provides an opportunity to produce reliable evidence on the nature and size of the associations between risk factors and CVD, as well as a unique opportunity to compare these associations between Asian and non-Asian populations. The primary purpose of the current analyses was to determine whether total cholesterol was a less important marker of cardiovascular risk in people with than in people without diabetes. Secondary aims were to repeat these analyses within predefined age, sex and regional subgroups, and to explore the differential effects, according to diabetes status, of other lipid variables on coronary heart disease (CHD).
Methods
Participating studies The APCSC has been described in detail elsewhere [7] . In brief, studies were invited to join the Collaboration if they were based in the Asia-Pacific region, had information on age, sex and systolic blood pressure measured at baseline and at least 5,000 personyears of follow-up, with cause of death recorded during follow-up. Cohorts were classified as Asian if their participants were recruited from mainland China, Hong Kong, Japan, Korea, Singapore, Taiwan or Thailand; they were classified as ANZ if participants were recruited from Australia or New Zealand. All additional analyses conducted by the APCSC were approved by the University of Sydney Human Ethics Committee.
Measurement of baseline variables
The presence of diabetes in individual participants was determined on the basis of a reported history of diabetes or by applying the 1999 WHO diagnostic criteria to blood glucose levels at baseline [8] . In one study that was included (Singapore National Health Survey) diabetes status was also determined by an oral glucose tolerance test. Measurements of lipids were determined using serum samples, these being obtained in the fasting state in most participants. As these studies were initiated over a long period of time, the methods and instruments used for measuring lipids varied. Detailed information on the method of cholesterol analysis was available from 23 studies comprising 72% of all participants; of these, 20 studies (29% of participants with known methods of cholesterol assay) used enzymatic methods for cholesterol measurement. LDL-cholesterol was either directly measured or was calculated using Friedewald's formula [9] , if the HDL-cholesterol level was available and the triacylglycerol value was <4.4 mmol/l. Approximately half the studies with HDL-cholesterol measurements reported using enzymatic methods; the remainder used precipitation. Triacylglycerol values were derived using enzymatic methods in most of the studies that reported this variable.
Outcomes All studies reported deaths by underlying cause; a subset of studies also reported non-fatal CVD events. Most studies used database linkage to identify deaths, while others also included scheduled follow-up visits or examined hospital records, particularly to identify non-fatal events. Outcomes were classified according to the Ninth Revision of the International Classification of Diseases (ICD-9). The fatal outcomes considered in this analysis were: CHD (ICD-9: 410-414); total stroke (430-438); haemorrhagic stroke (431.0-432.9); and ischaemic stroke (433.0-434.9). Non-fatal events were defined as those that did not result in death within 28 days. Because most studies identified events using record linkage, verification of subtype of stroke was not routinely reported; stroke subtype was assigned as 'unclassified' in the absence of this information. All data provided to the secretariat were checked for completeness and consistency and recoded, when necessary, to maximise comparability across cohorts. Summary reports were referred back to principal investigators of each collaborating study for review and confirmation.
Statistical methods All analyses used individual participant data and were restricted to individuals who were aged >20 years with information on diabetes status and total cholesterol measurement at the time of baseline survey. To determine the association between the 'usual' level of total cholesterol and the outcome of interest, estimates were adjusted to account for regression dilution bias. Repeat measures of fasting total cholesterol, on up to seven occasions between 2 and 30 years after the baseline measurement were available from eight studies. These repeat measures were used to estimate the attenuation coefficient using a linear mixed regression model that accounted for the heterogeneity of variance between studies, within-subject correlation and the varying time intervals between measurements. For grouped analysis, individuals were classified according to approximately equal fourths of total cholesterol as assessed at baseline for the entire study population (<4.5, 4.5-5, 5.1-5.6 and >5.6 mmol/l).
We used Cox proportional hazard regression models to estimate hazard ratios (HRs), with corresponding 95% CIs calculated using the 'floating absolute risk' method [10] .
Log-linearity of the associations with the outcomes was explored through analyses by fourths and summarised through the HR (and 95% CI) for a difference of 1 SD in the usual level of total cholesterol. The statistical significance of an interaction between total cholesterol and diabetes status was assessed using likelihood ratio tests to compare the models, including main effects only with models that also included the interaction terms between total cholesterol and diabetes. Results were derived for all included individuals, as well as for pre-defined subgroups defined by region (Asia vs ANZ), age (<65 years vs ≥65 years) and sex [7] . Tests for three-way interaction between diabetes, total cholesterol and the pre-defined subgroups were also performed for each of the outcomes. All the Cox models were adjusted by age and sex (when appropriate) and stratified by study. As a sensitivity analysis, we also examined the associations between total cholesterol and each outcome among participants with and without diabetes after excluding the two largest studies, which together contributed more than half the events.
For the subset of participants in whom data on baseline HDL-cholesterol and triacylglycerols were available, we also examined the associations between the following lipid variables and CHD for people with and without diabetes: LDL-cholesterol, HDL-cholesterol, non-HDL-cholesterol (difference between total cholesterol and HDL-cholesterol) and triacylglycerols (after log transformation to account for right skewness). Due to limited power, we were unable to reliably evaluate these associations for stroke subtypes and among subgroups of participants.
Results
Available data By April 2006, information on diabetes status and total cholesterol measurements at baseline were available from 30 studies, involving 333,533 individuals with 2,056,867 person-years of follow-up (Table 1) . These 30 studies represented 56% of the entire APCSC study population. In addition, 21 cohorts with 62,493 participants had baseline data available for calculated LDL-cholesterol.
Baseline variables Among the 333,533 participants included, 21,116 (6.3%) were classified as having diabetes at baseline: 17,867 (7.1%) in Asia and 3,249 (4.0%) in ANZ (Table 1) . Overall, participants with diabetes were older (51 [SD 10] years vs 47 [10] years, p<0.0001) and were more likely to be male (60.1 vs 48.4%, p<0.0001) and to have higher levels of total cholesterol (5.34 [1.09] vs 5.11 [1. 02] mmol/l, p<0.0001). Similar differences were also observed when the Asian and ANZ cohorts were examined separately.
Outcomes The median follow-up was 4.0 years in the overall study population and among participants with and without diabetes ( Table 2 ). In addition to information on fatal events that was available from all cohorts (1,953 CHD deaths, 1,508 stroke deaths), data on non-fatal events (i.e. those not followed by a fatal event) were available from ten studies for CHD (746 events) and 12 studies for stroke (1,867 events). Thus, during follow-up, 2,699 CHD events and 3,375 strokes were recorded. The proportion of cardiovascular events due to CHD was similar in people with (41.5%) and without diabetes (44.8%). Subclassification of stroke as ischaemic or haemorrhagic subtypes was provided for 59.6 and 58.0% of all cases of stroke in people with and without diabetes, respectively. Among all classified strokes, 65.8% in participants with diabetes and 42.9% in those without diabetes were haemorrhagic. The corresponding figures for fatal classified strokes were 61.4 and 54.5%, respectively. Stroke represented 74.4% of cardiovascular outcomes in Asia, whereas CHD predominated in ANZ, accounting for 63.2% of cardiovascular events. The agestandardised incidence of CHD events (per 10,000 personyears) was 21.3 (95% CI 18.7-23.9) for participants with and 12.6 (95% CI 12.1-13.1) for participants without diabetes. The corresponding incidence rates for ischaemic stroke were 12.2 (95% CI 10.2-14.2) and 5.1 (95% CI 4.8-5.4) and for haemorrhagic stroke, 6.8 (95% CI 5.2-8.4) and 3.8 (95% CI 3.6-4.1).
Overall associations between total cholesterol and major cardiovascular outcomes Total cholesterol was associated with the risk of CHD and stroke in a continuous log-linear fashion in participants with and without diabetes (Fig. 1) . While this association was always positive for CHD and ischaemic stroke events, a negative association was observed for the risk of haemorrhagic stroke associated with total cholesterol. Overall the strength of the association between total cholesterol and the risk of major cardiovascular events was similar for people with and without diabetes. Thus, for each increase of 1 SD (1 mmol/l) in total cholesterol, participants with diabetes had a 41% (95% CI 23-63%) greater risk of a CHD; the corresponding estimate for participants without diabetes was 42% (95% CI 35-50%) (p=0.93 for interaction). For ischaemic stroke, each 1 mmol/l increase of total cholesterol was associated with a 23% (95% CI 0-52%) greater risk among people with diabetes and a 31% (95% CI 20-44%) greater risk for individuals without diabetes (p=0.60 for interaction). The corresponding values for haemorrhagic stroke were a 37% (95% CI 5-53%) and a 13% (95% CI 1-23%) lower risk for people with and without diabetes, respectively (p=0.16 for interaction). When unclassified stroke was examined, there was borderline evidence of heterogeneity in the association with total cholesterol in people with and without diabetes (HR for 1 mmol/l increase of total cholesterol: 1.29 [95% CI 1.07-1.56] vs 1.06 [95% CI 0.97-1.15], p=0.05 for interaction).
Subgroup analyses There was no evidence of any heterogeneity in the association between total cholesterol and CHD events among people with and without diabetes, when analyses were stratified by region, sex or age (Figs. 2  and 3 ). Absence of heterogeneity in the associations among subgroups was also observed for ischaemic and haemorrhagic stroke, with the exception of regional comparisons (Fig. 3) . Among participants from ANZ cohorts, there was some evidence of heterogeneity in the association between total cholesterol and both haemorrhagic stroke (p=0.03) and ischaemic stroke (p=0.05) for persons with and without diabetes. However, these analyses included very few events (e.g. only seven haemorrhagic strokes among people with diabetes in the ANZ cohorts); moreover, for all subgroup analyses, the three-way test for interaction was nonsignificant.
Sensitivity analysis Two of the studies included (KMIC in
Asia and Busselton in ANZ) contributed 3,214 (52.3%) of all CVD events recorded during follow-up (Table 2 ). After exclusion of these participants, there was still no evidence of heterogeneity in the associations between total cholesterol and each outcome between participants with and without diabetes (p>0.17 for interaction for all). Each 1 SD increase of total cholesterol was associated with a 43% (95% CI 17-75%) and 36% (95% CI 26-47%) greater risk of CHD among people with and without diabetes, respectively. The corresponding estimates for ischaemic stroke and haemorrhagic stroke were a 47% (95% CI 6-104%) and 29% (95% CI 13-47%) greater risk and a 29% (95% CI −34 to 62%) and 14% (95% CI −1 to 28%) lower risk, respectively.
Other lipid variables and risk of CHD Data on LDLcholesterol, HDL-cholesterol and triacylglycerols were available for 62,493 participants in 21 cohorts (Table 1) . For 22% of these individuals, LDL-cholesterol was directly measured rather than calculated. Mean levels of LDL-, HDL-and non-HDL-cholesterol and triacylglycerols differed significantly between those with and without diabetes. (Table 3) .
For stroke subtypes, there were too few events in the subset with information on lipids other than total cholesterol to perform meaningful analyses. 
Discussion
These analyses provide strong evidence that the nature and strength of the associations between total cholesterol and major cardiovascular events are similar among individuals with and without diabetes. This conclusion is broadly consistent among sub-groups defined by sex, region and age.
At least for CHD, there is no evidence against the same conclusion being drawn for lipids other than total cholesterol. Relatively few studies have examined this question. Findings in those that have are inconsistent. Several analyses have reported similar associations between total cholesterol or LDL-cholesterol and cardiovascular outcomes in patients with and without diabetes [2, 4, 11, 12] . However, in the largest analysis conducted to date [3] , the relationship between total cholesterol and risk of CVD in people with diabetes was reported to be weaker than that among individuals without diabetes (13 vs 28% excess risk of CVD associated with a 1 mmol/l increase in the level of total cholesterol), although it is not clear whether this difference was statistically significant. The current data from APCSC have several advantages compared with previous reports, including the wide range of total cholesterol levels in the population, the large number of events available for analysis, the ability to adjust for regression dilution, the capacity to examine the associations for stroke subtypes and the opportunity to compare populations with differences in the epidemiology of lipids and cardiovascular events. This is particularly important given the heterogeneity of the associations between cholesterol and stroke subtype, with a positive association observed for ischaemic stroke and a somewhat weaker, but nevertheless significant, inverse association observed for haemorrhagic stroke [13] . Recent results from the Stroke Prevention by Aggressive Reduction in Cholesterol Levels clinical trial [14] provide some support for the epidemiological data; in this trial, treatment with a statin among people with established cerebrovascular disease was associated with clear reductions in coronary events and ischaemic stroke, but was also associated with a significant excess of haemorrhagic stroke, although the number of actual events was very low, making for a highly imprecise estimate of the size of this effect. In the APCSC, individuals from Asia and those with diabetes experienced a relatively greater rate of haemorrhagic stroke than those from ANZ and those without diabetes. However, an interpretation of the public health and clinical implications of this finding must take into consideration the evolving epidemiology of CVD in the Asia-Pacific region, with a rapidly increasing predominance of atherothrombotic conditions in many areas [15] [16] [17] [18] . For example, during the 1990s, the incidence rate of haemorrhagic stroke in China declined by an average of 12% per year, while that of ischaemic stroke increased by at least 5% per year in most regions [19] . Over a longer period in Korea, overall stroke mortality has decreased, while the proportion of deaths occurring due to ischaemic stroke and ischaemic heart disease has increased considerably [17] .
There are also some limitations to our data. Some misclassification of diabetes status may have occurred due to undiagnosed diabetes and a partial reliance on self-reported previous diagnoses. Misclassification, if any, could have led to an underestimation of any true differences in the associations between participants with and without diabetes. However, the degree of misclassification would need to be substantial to change the conclusions of this study. We were unable to differentiate diabetes type in our analyses; however, the vast majority of the population is likely to have type 2 diabetes. Other potential limitations are the small number of events in some analyses of subgroups, lack of standardisation between cohorts in ascertainment of cardiovascular events, limited data available on cholesterol and other lipid variables, and the relatively high proportion of unclassified stroke events.
Nevertheless our data have important clinical and public health implications. While low levels of HDL-cholesterol and high levels of triacylglycerols are frequently observed in people with type 2 diabetes, the results indicate that the relative effects of these lipid variables are similar to those observed in individuals without diabetes, at least for CHD. These results also emphasise the importance of total or LDL-cholesterol in helping to assess the risk of cardiovascular events among people with diabetes. These findings strongly support current recommendations on lowering LDL-cholesterol to prevent atherothrombotic vascular events among individuals with diabetes. The continuous nature of the associations, as clearly demonstrated in these analyses, supports a paradigm whereby cholesterol-lowering strategies should not be primarily driven by arbitrary threshold levels of cholesterol, but rather by the absolute risk of atherothrombotic vascular events, which is generally high among people with diabetes. Our findings are consistent with the results of clinical trials [20] [21] [22] [23] [24] and two recent metaanalyses [25, 26] that suggest cholesterol lowering is associated with similar relative reductions in risk of cardiovascular outcomes among people with and without diabetes, in the context of both primary and secondary prevention. While the effects of modifying HDL-cholesterol and triacylglycerol in so-called diabetes dyslipidaemia remain uncertain [27] , a continuing emphasis on total and LDLcholesterol levels in managing risk among people with diabetes remains justified.
